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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic 
electroluminescence element, which has high 
luminescence efficiency, by making luminescence of high 
luminosity possible. 

SOLUTION: Concerning to the organic 
electroluminescense element, which has a luminescence 
layer, which is formed between both electrode layers of 
a positive electrode layer and a negative electrode layer, 
and has a host agent and a dope agent, which emits 
phosphorescence, a bipolar nature is provided by using 
oxadiazole group expressed with formula 1 or an 
electron transportation nature substance, which has 
triazole group expressed with formula 2, and using an 
electron hole transportation nature substance, which has 
carbazolyl group expressed with formula 3, as a host 
agent. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An organic electroluminescence element, wherein said host agent has bipolar nature in 
an organic electroluminescence element possessing a luminous layer which is formed between a 
positive electrode layer and a two-electrodes layer of catholyte, and has a host agent and the 
dopant which emits phosphorescence. 

[Claim 2]The organic electroluminescence element according to claim 1, wherein a host agent 
which has said bipolar nature comprises an electron hole transportability substance and an 
electron-transport-property substance. 

[Claim 3] An electron-transport-property substance used for said host agent, [Formula 1] 
n-n 







The organic electroluminescence element according to claim 2 comprising the compound which 
has an oxadiazole group expressed with a structural formula [the-izing 1]. 
[Claim 4]A compound which has said oxadiazole group, [Formula 2] 



CH3 -<j> 

CHs 




[Formula 3] 




[Formula 4] 




[Formula 5] 
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[Formula 6] 




[Formula 7] 



- o 




[Formula 8] 




The organic electroluminescence element according to claim 3 comprising one or more kinds in 

the compound expressed with a structural formula [the-izing 2] thru/or the [-izing 8]. 

[Claim 5]An electron-transport-property substance used for said host agent, [Formula 9] 
N-N 

-< y 

N 
I 



The organic electroluminescence element according to claim 2 comprising the compound which 
has a triazole group expressed with a structural formula [the-izing 9]. 
[Claim 6]A compound which has said triazole group, [Formula 10] 




[Formula 1 1] 




[Formula 12] 




[Formula 13] 
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N-N 




[Formula 14] 



CHa^ N-N 




[Formula 15] 




[Formula 16] 
flM-N > 

N 

I I 



n 



(As for X 5 , X 6 is independently chosen by an aliphatic hydrocarbon group, an aromatic 

hydrocarbon group, an ether group, or a heterocycle group from hydrogen, an aliphatic 
hydrocarbon group, an aromatic hydrocarbon group, an ether group, or a heterocycle group 
among a general formula [the-izing 16], respectively.) 
[Formula 17] 



•CH 

X? 

x 9 -N « 



Xs 



J 



n 



(As for X y , X Q and X 9 are independently chosen by hydrogen, an aliphatic hydrocarbon group, an 

aromatic hydrocarbon group, an ether group, or a heterocycle group from an aliphatic 
hydrocarbon group, an aromatic hydrocarbon group, an ether group, or a heterocycle group 
among a general formula [the-izing 17], respectively.) 
[Formula 18] 
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•CHz -CH 



Xn — N 



J 

V 



Xio 



N 



n 



(X 1Q and are independently chosen from hydrogen, an aliphatic hydrocarbon group, an 

aromatic hydrocarbon group, an ether group, or a heterocycle group among a general formula 
[the-izing 18], respectively.) 

The organic electroluminescence element according to claim 5 comprising one or more kinds in 
the compound expressed with a structural formula [the-izing 10] thru/or the [Hzing 15] or a 
general formula [the-izing 16] thru/or the [Hzing 18]. 

[Claim 7]An electron hole transportability substance used for said host agent, [Formula 19] 




An organic electroluminescence element given in any 1 paragraph of claims 2 thru/or 6 
comprising the compound which has a carbazolyl group expressed with a structural formula [the 
izing 1 9]. 

[Claim 8]A compound which has said carbazolyl group, [Formula 20] 

H 

I 

M 




[Formula 21] 
JNL 




[Formula 22] 
CH=CH2 




[Formula 23] 




[Formula 24] 




[Formula 25] 
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(R in a general formula [the-izing 26] shows independently hydrogen, an aliphatic hydrocarbon 
group, an aromatic hydrocarbon group, an ether group, or a heterocycle group, respectively.) 
A structural formula [the-izing 20] thru/or the [-izing 25], or the organic electroluminescence 
element according to claim 7 comprising one or more kinds in a compound expressed with a 
general formula [the-izing 26]. 
[Claim 9]Said dopant, [Formula 27] 

r -\ 

Xl2 



ArN 



(Among a general formula [the-izing 27], an aryl group, X 12 , and X 13 may show independently an 

aliphatic hydrocarbon group, an aromatic hydrocarbon group, an ether group, or a heterocycle 
group, respectively, an aromatic ring may condense them in Ar and X 12 as for Ar, and n is one 

[ or more / 3 ] or less integers.) 

An organic electroluminescence element given in any 1 paragraph of claims 1 thru/or 8 
comprising a compound expressed with a general formula [the-izing 27]. 
[Claim 10]Molecular structure of said dopant, [Formula 28] 

R2 



R3 

R5 R4 



R7 



R6 




(Among a general formula [the-izing 28], independently, R1-R8 may show hydrogen, an aliphatic 
hydrocarbon group, an aromatic hydrocarbon group, an ether group, or a heterocycle group, or an 
aromatic ring may condense them in/and adjoining Rn (integer to which n changes from or more 
1 eight or less either), respectively.) 

An organic electroluminescence element given in any 1 paragraph of claims 1 thru/or 8 
comprising the compound expressed with a general formula [the-izing 28]. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the organic electroluminescence element which 

can emit light for high-intensity. 

[0002] 

[Description of the Prior Art]Conventionally, the organic electroluminescence element formed by 
the multilayer laminated structure provided with the luminous layer which contains the substance 
which emits phosphorescence by U.S. Pat. No. 6097147 is known. 

[0003]By this thing, to the theoretical limit of the internal quantum efficiency in the case of 
making light emit using luminescence by an excitation singlet state, i.e., fluorescence, being 25%, 
luminescence by phosphorescence may consider the theoretical limit of internal quantum 
efficiency to be 100%, in order that the excitation energy of a triplet state may contribute to 
luminescence. For this reason, improvement in the luminous efficiency defined by the light 
emitting luminance to driver voltage is expectable. 

[0004]By the way, in the mode of operation of the above-mentioned conventional example, the 
carbazole biphenyl (henceforth [ CBP ]) shown in [theHzing 24] is used as a host agent in a 
luminous layer, and it is as dopant in a luminous layer, [0005] 
[Formula 29] 




[0006]The host agent slack CBP is made to act as an exciton, and the dopant slack PtOEP is 
made to emit phosphorescence using the 2,3,7,8,12,13,1 7,1 8~octaethyl-21 H,23H-platinum (II) 
porphin (henceforth the following) shown in [the-izing 29]. 

[0007] However, the above CBP originates in the carbazolyl group which it has in structure, and 
has electron hole mobility. For this reason, when receiving energy in case the electron hole and 
electron which are poured in from each electrode layer of a positive electrode layer and 
catholyte, respectively recombine and carrying out an action as an exciton, originally the host 
agent slack CBP which should be diffused in a luminous layer will be unevenly distributed in the 
catholyte side in a luminous layer. In connection with this, a luminous region is also concentrated 
on an interface part with the thin film layers (a hole block layer, an electron transport layer, etc.) 
by the side of the catholyte which adjoins a luminous layer, and light emitting luminance may not 
fully be obtained. When the driver voltage of an organic electroluminescence element becomes 
high, especially, such fault becomes remarkable and is shown as decline in quantum efficiency. 
And this becomes a factor which checks improvement in expected luminous efficiency. 
[0008] 

[Problem(s) to be Solved by the Invention]This invention makes it SUBJECT to enable high- 



JP,2003-007467,A [DETAILED DESCRIPTION] 



2/15 ^— v 



intensity luminescence and to provide the organic electroluminescence element which has high 

luminous efficiency in view of the above-mentioned problem. 

[0009] 

[Means for Solving the Problem]In an organic electroluminescence element which this invention 
is formed between a positive electrode layer and a two-electrodes layer of catholyte, and 
possesses a luminous layer which has a host agent and the dopant which emits 
phosphorescence in order to solve an aforementioned problem, Said host agent constitutes so 
that it may have the bipolarity nature of bipolar nature, i.e., radical-cation-izing, and radical- 
anion-izing. Since this thing has both electron hole mobility and electronic transition nature, it 
cannot concentrate on the specific interface side in a luminous layer, but it can improve light 
emitting luminance. 

[0010]If an electron hole transportability substance and an electron-transport-property 
substance are used as said host agent in this case, bipolar nature, i.e., radical-cation-izing, and 
bipolarity nature whichis [ radical-anion-] easy toize can certainly be provided in a host agent. 
[001 1]It is preferred for an electron-transport-property substance used for a host agent in this 
case to comprise a compound which has an oxadiazole group expressed with a structural formula 
[the-izing 1]. 

[001 2] And as a compound which has an oxadiazole group with which it is expressed above [the- 
izing 1], 2-(4-biphenylyl)~5-(4-tert-buthylphenyl)-1 shown in [the-izing 2], 3, 4-oxadiazole, (it is 
also called the following PBD.) — 2,5-bis(1-naphthyl)-1 .3.4-oxadiazole (BND is also told to 
below.) shown in [the-izing 3]. 2,5-bis(4-biphenylyl)-1 shown in [the-izing 4], 3, 4-oxadiazole 
(henceforth [ BBD ]), 1,3,5-Tori (5-(4-tert-buthylphenyl)-1,3,4-oxadiazole) phenyl shown in 
[the-izing 5] (OXD-1 is said below.), It is possible to use one or more kinds in an oxadiazole 
system high molecular compound expressed with 1,3 **JI (5-(4-tert-buthylphenyl)-1 ,3,4- 
oxadiazole) phenyl (OXD-7 is said below.) shown in [the-izing 6], the [-izing 7], or the [-izing 8]. 
[0013]It is also preferred to use a compound which has a triazole group expressed with a 
structural formula [the-izing 9] as an electron-transport-property substance used for a host 
agent. 

[0014]And as a compound which has a triazole group with which it is expressed above [the-izing 
9], 3-(4-biphenylyl)-5-(4-tert-buthylphenyl)-4-phenyl-1,2,4-triazole shown in [the-izing 10]. (it 
is also hereafter called TAZ.) — 3,4,5 shown in [the-izing 11] **TORI (1-naphthyl)- 1, 2, and 4 
**TORI azole. The 3,5-JI (4-biphenylyl)-4-phenyl 1 and 2, 4 **TORI azole which are shown in 
[the-izing 12], 4-(1-naphthyl)-3 shown in [the-izing 13], 5 ************- 1 and 2, 4 **TORI 
azole, 1,3,5 **TORI (5-(4-tert-buthylphenyl)-1-phenyl-1 ,3,4-triazole) phenyl shown in [the-izing 
14], It is possible to use one or more kinds in a triazole series high molecular compound shown 
by a general formula of 1,3 **JI (5-(4-tert-buthylphenyl)-1 -phenyl- 1 and 3, 4 **TORI azole) 
phenyl shown in [the-izing 15] or the [-izing 16] thru/or the [-izing 18]. 
[0015]It is preferred to use a compound which has a carbazolyl group expressed with a 
structural formula [the-izing 19] as an electron hole transportability substance used for a host 
agent to these electron-transport-property substances. 

[0016]And carbazole shown by [the-izing 20] as a compound which has the above-mentioned 
carbazolyl group, N methylcarbazole shown by [the-izing 21], N vinylcarbazole shown by [the- 
izing 22], It is possible to use one or more kinds in CBP shown by N phenylcarbazole shown by 
[the-izing 23] and the [-izing 24], poly (N-vinylcarbazole) (henceforth [ PVK ]) shown by [the- 
izing 25], and a poly carbazole compound shown by a general formula [the-izing 26]. 
[00 1 7] If a compound shown in a general formula [the-izing 27] or the [-izing 28] is used as 
dopant which emits phosphorescence to a host agent which has bipolar nature as mentioned 
above, Since such dopant is excited by host agent currently diffused and distributed and emits 
phosphorescence into a luminous layer, high-intensity luminescence is obtained in an organic 
electroluminescence element provided with a luminous layer which has such host agents and 
dopants, without a luminous region being unevenly distributed. 
[0018] 

[Embodiment of the Invention] Dr awing 1 shows the basic structure of the organic 
electroluminescence element which has the element structure laminated by the multilayer for 
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the purpose of improvement in luminous efficiency. The element structure of an organic 
electroluminescence element, To the positive electrode layer 10 formed on the substrate 
besides a figure, each thin film layer of the electron hole transporting bed 20, the electron block 
layer 30, the luminous layer 40, the hole block layer 50, and the electron transport layer 60, It is 
a multilayer laminated structure which is laminated one by one and changes between the two- 
electrodes layers of the positive electrode layer 10 and the catholyte 70, and the luminous layer 
40 has the luminous layer dopant 41 and the luminous layer host agent 42, and is constituted. 
[0019]In the element structure shown, by drawin g 1 , the positive electrode layer 10, For example, 
the transparent conductive substance formed in a transparent insulating support body like a 
glass substrate is used, and as the material, Conductive polymers, such as inorganic conductive 
substances, such as metal, such as conductive oxides, such as tin oxide, indium oxide, and tin 
oxide indium (ITO), or gold, silver, and chromium, iodine copper, and copper sulfide, a 
polythiophene, polypyrrole, and poly aniline, etc. can be used. 

[0020]When the catholyte 70 is formed with a transparent material, the positive electrode layer 
1 0 may be formed with an opaque material. 

[0021]In the element structure shown by draw ing 1, a simple substance or alloys, such as lithium, 
sodium, potassium, a rubidium, caesium, magnesium, calcium, strontium, barium, boron, aluminum, 
copper, silver, and gold, can be used for the catholyte 70. These can also be laminated and used. 
It can also form by a wet type by a tetrahydro aluminate. In this case, especially as a tetrahydro 
aluminate used for the catholyte 70, lithium aluminum hydride, hydrogenation aluminum 
potassium, hydrogenation aluminum magnesium, and hydrogenation aluminum calcium can be 
mentioned. In this, lithium aluminum hydride is excellent in especially the electron injection 
nature to an electron transport layer. 

[0022]The electron hole transporting bed 20 is a layer for conveying the electron hole poured in 
from the positive electrode layer 10, and is an organic layer containing an electron hole 
transportability organic matter. PVK shown by [the-izing 25] as an example of an electron hole 
transporting bed nature organic matter, the poly carbazole compound shown by [the-izing 26], 
[0023] 

[Formula 30] 



n 



[0024]Poly shown in [the-izing 30] (****- phenylenevinylene), [0025] 
[Formula 31] 



J n 




[0026]It is preferred to consist of polymers, such as N **FE nil polycarbazole shown by [the- 
izing 31]. Or the carbazole shown by [the-izing 20], N methylcarbazole shown by [the-izing 21], 
N vinylcarbazole shown by [the-izing 22], N phenylcarbazole shown by [the-izing 23], CBP 
shown by [the-izing 24], [0027] 
[Formula 32] 




[0028]N,N'-dipheny|-N,N'-bis(3-methylphenyl)-1,1'-biphenyl 4,4-diamine shown in [theHzing 32] 
(henceforth [ TPD ]), [0029] 
[Formula 33] 
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[OOSOlN.N'-diphenyl-N^'-bisd-naphthyD-U'-biphenyl 4,4'-diamine shown in [the-izing 33] 
(henceforth NPD) 

[0031] 

[Formula 34] 




[0032]4,4'-bis(10-phenothiazinyl)biphenyl shown in [the-izing 34], [0033] 
[Formula 35] 




[0034]The kappa phthalocyanine etc. which are shown in [the-izing 35] are mentioned. 
[0035]The electron block layer 30 is a layer for blocking an electron, in order that the electron 
poured in to the luminous layer 40 may protect passing to the positive electrode layer 10 as it is 
from the catholyte 70, and it comprises an electronic block nature substance. The poly shown as 
an electronic block nature substance by PVK shown by [the-izing 25], and the [-izing 30], for 
example (****- phenylenevinylene), CBP shown by [the-izing 24], TPD shown by [the-izing 32], 
NPD shown by [the-izing 33], 4,4'-bis(10-phenothiazinyl)biphenyl shown by [the-izing 34], [0036] 

[Formula 36] 




[0037]2,4,6-tripheny|-1,3,5-triazole shown in [the-izing 36], [0038] 
[Formula 37] 




[0039]FUROREN etc. which are shown in [theHzing 37] can be mentioned. 
[0040]Since the luminous layer 40 has the dopant 41 and the host agent 42 and these dopants 
41 and the host agent 42 are distributed uniformly, it is also possible to add binder polymers. 
[0041 ]The host agent 42 is a substance which activation is carried out and acts as an exciton 
when the electron hole and electron which were poured in, respectively recombine in the 
luminous layer 40 from the positive electrode layer 10 and the catholyte 70, PBD shown in [the- 
izing 2], BND shown in [the-izing 3], BBD shown in [the-izing 4], OXD-1 which are shown in 
[the-izing 5], OXD-7 which are shown in [the-izing 6], Or the oxadiazole system high molecular 
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compound expressed with the [Hzing 7] or the Hzing 8], TAZ shown in [the-izing 10], 3,4,5 
shown in [theHzing 11] **TORI (1-naphthyl)- 1, 2, 4 **TORI azole, The 3,5-JI (4-biphenylyl)-4- 
phenyl 1 and 2, 4 **TORI azole which are shown in [the-izing 12], 4-(1-naphthyl)-3 shown in 
[the-izing 13], 5 ************- 1 and 2, 4 **TORI azole, 1,3,5 **TORI (5-(4-tert- 
buthylphenyl)-1-phenyl-1,3,4-triazole) phenyl shown in [the-izing 14], 1,3 **JI (5-(4~tert- 
buthylphenyl)-1 -phenyl- 1 and 3, 4 **TORI azole) phenyl shown in [the-izing 15], [0042] 
[Formula 38] 




[0044] 

[Formula 40] 




[0045][-izing 38] Or a triazole series high molecular compound as shown by [the-izing 40], The 
carbazole shown by [the-izing 20], N methylcarbazole shown by [the-izing 21], N vinylcarbazole 
shown by [theHzing 22], N phenylcarbazole shown by [the-izing 23], Carbazole system 
compounds, such as CBP shown by [the-izing 24], poly (N-vinylcarbazole) (henceforth [ PVK ]) 
shown by [the-izing 25], and a poly carbazole compound shown by a general formula [the-izing 
26], [0046] 



[Formula 41] 




[0047](R in a chemical formula [the-izing 41] shows independently an aliphatic hydrocarbon 
group, an aromatic hydrocarbon group, an ether group, or a heterocycle group, respectively.) It is 
shown. 

The Polyful Oren compound etc. which have [the-izing 41] as a repeating unit are mentioned. 
[0048]It is also possible to use together two or more kinds of these host agents. As opposed to 
the triazole compound which such concomitant use is shown in the [Hzing 2] thru/or the [Hzing 
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8] which has electron transport property, for example, and is shown in an oxadiazole system 
compound, the [Hzing 10] or the [Hzing 15] and the [Hzing 38] thru/or the [Hzing 40], When the 
carbazole system compound shown in the [Hzing 20] thru/or the [Hzing 26] which has electron 
hole transportability is used together, it is effective in the ability to prevent the maldistribution 
by the side of the specific interface of a luminous region. 

[0049]On the other hand, the dopant 41 of the luminous layer 40 is a substance which emits 
phosphorescence with the excitation energy of the exciton slack host agent 42, [0050] 
[Formula 42] 



[0051 ]The Tori (2 phenylpyridine) iridium complex shown in [theHzing 42] (Ir(ppy) 3 is said 

below.), [0052] 
[Formula 43] 





[0053] 

[Formula 44] 




[0054] 

[Formula 45] 




[0055] 



[Formula 46] 




ft 



[0056] 

[Formula 47] 




[0057] 

[Formula 48] 




[0058](Inside of a chemical formula [the-izing 48], and acac) [0059] 
[Formula 49] 
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[0060]A functional group shown by [the-izing 49] is shown, the following — the same in a 

chemical formula shown in the [Hzing 50] thru/or the [Hzing 54]. 

[0061] 

[Formula 50] 




r acac 



[0062] 

[Formula 51] 




[0063] 

[Formula 52] 




[0064] 

[Formula 53] 




[0065] 

[Formula 54] 




[0066] [ Hzing 43] Or the iridium complex compound shown by [the-izing 48], the [ — izing 50], or 
the [-izing 54], PtOEP shown in [the-izing 29], etc. can be mentioned. 
[0067]As an example of the binder polymers which can be added to the luminous layer 40, 
polystyrene, Polyvinyl biphenyl, polyvinyl phenanthrene, polyvinyl anthracene, Polyvinyl perylene, 
poly (ethylene-co-vinyl acetate), cis of polybutadiene, trans, poly (2-vinylnaphthalene), A 
polyvinyl pyrrolidone, polystyrene, poly (methyl methacrylate), Poly (vinyl acetate), poly (2- 
vinylpyridine co-styrene), A polyacenaphthylene, poly (acrylonitrile co-butadiene), poly (benzyl 
methacrylate), poly (vinyltoluene), poly (styrene co-acrylonitrile), poly (4-vinylbiphenyl), a 
polyethylene glycol, etc. are mentioned. 

[0068]The hole block layer 50 is a layer for blocking an electron hole, in order that an electron 
hole poured in to the luminous layer 40 may protect passing to the catholyte 70 as it is from the 
positive electrode layer 10, and it comprises an electron hole block nature substance. An 
oxadiazole system high molecular compound as shown in OXD-1, the [Hzing 7], or the [-izing 8] 
shown in PBD shown in [the-izing 2], BND shown in [theHzing 3], BBD shown in [the-izing 4], 
and the [Hzing 5] as an electron hole block nature substance, for example, TAZ shown in [the- 
izing 10], [0069] 
[Formula 55] 
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[0070]BASOKYU pro yne shown in [the-izing 55] (henceforth [ BCP ]), [0071] 
[Formula 56] 




Al 

3 



[0072]Tris(8-hydroxyquinolinate)aluminium shown in [the-izing 56] (Alq3 is said below.), [0073] 
[Formula 57] 

(§1 @ 

[0074]4,4'-bis(1,1-diphenylethenyl)biphenyl shown in [the-izing 57] (DPVBi is also told to below.), 
[0075] 

[Formula 58] 

^ _/ — w — v @ 

[0076]4,4 7 -bis(1,1-bis(4-methylphenyl)ethenyl)biphenyl shown in [the-izing 58] (henceforth the 
following), [0077] 
[Formula 59] 

* 1 ] b 4 y f ' '» 




[0078] 

[Formula 60] 




[0079]A triazole series high molecular compound as shown by [the-izing 59] and the [-izing 60] 
etc. can be mentioned. 

[0080]The electron transport layer 60 is a layer for conveying the electron poured in from the 
catholyte 70, and contains an electron transporting agent. The composition which comprises 
electron-transport-property polymers and contains an electron-transport-property low molecule 
further is possible for an electron transporting agent. 

[0081 ]PBD shown in [the-izing 2] as an example of an electron-transport-property low molecule 
here, BND shown in [the-izing 3], BBD shown in [the-izing 4], OXD-1 which are shown in [the- 
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izing 5], OXD-7 which are shown in [the-izing 6], TAZ shown in [the-izing 10], 3,4,5 shown in 
[the-izing 11] **TORI (1-naphthyl)- 1, 2, 4 **TORI azole, The 3,5- JI (4-biphenylyl)-4-phenyl 1 
and 2, 4 **TORI azole which are shown in [the— izing 12], 4— (1— naphthyl)— 3 shown in [the-izing 
13], 5 ************- 1 and 2, 4 **TORI azole, The 1,3,5 **TORI (5-(4-tert-buthylphenyl)-1- 
phenyl-1,3,4-triazole) phenyl shown in [the-izing 14], Alq3 shown in the 1,3 **JI (5-(4-tert- 
buthylphenyl)-1 -phenyl- 1 and 3, 4 **TORI azole) phenyl shown in [the-izing 15] and the [-izing 
56], DPVBi shown in [the-izing 57], DTVBi shown in [the-izing 58], etc. can be mentioned. 
[0082]A triazole series high molecular compound as shown as an example of electron-transport- 
property polymers by an oxadiazole system high molecular compound, the [-izing 38] or the [- 
izing 40] and the [-izing 59], and the [-izing 60] as shown by [the-izing 7] and the [Hzing 8], 
[0083] 

[Formula 61] 



[0084](R shows independently an aliphatic hydrocarbon group, an aromatic hydrocarbon group, 
an ether group, or a heterocycle group among a chemical formula [the-izing 61], respectively.) 
The Polyful Oren compound etc. which have [the-izing 61] in a repeating unit are mentioned. 
[0085]The element structure shown in drawin g 2 thru/or dra win g 4 is possible as what added 
change to the basic structure of the organic electroluminescence element shown in drawing 1 
because of the further improvement in luminous efficiency, or the simplification of structure. 
[0086]Element structure of an organic electroluminescence element shown by drawing 2 shows a 
1st embodiment of an organic electroluminescence element of this invention. Although the 
electron block layer 30 and the hole block layer 50 of drawing 1 are omitted, in drawing 2, the 
electronic block effect can be given to the electron hole transporting bed 20, an electron hole 
block effect can be given to the electron transport layer 60, respectively, and luminous efficiency 
can be maintained. 

[0087]In element structure shown by drawing 1, element structure of an organic 
electroluminescence element shown by draw ing 3 omits the electron block layer 30. 
[0088] From element structure shown by drawin g 1, element structure of an organic 
electroluminescence element shown by drawing 4 omits the electron block layer 30 and the hole 
block layer 50, and adds the electronic injection layer 61 constituted by an electron injectional 
substance between the catholyte 70 and the electron transport layer 60. 
[0089]As an electron injectional substance, they are lithium fluoride and lithium oxide, for 
example, [0090] 
[Formula 62] 



[0091]8-hydroxyquinolinate lithium (henceforth [ Liq ]) etc. which are shown by [the-izing 62] 
are mentioned. 

[0092]Next, the manufacturing method of an organic electroluminescence element is explained 
for drawing 2 as a 1st embodiment of this invention. 

[0093]First, the positive electrode layer 10 is formed in vacuum deposition or a sputtering 
technique on a transparent insulating support body used as a substrate (not shown), for example, 
a glass substrate. 

[0094]Next, the 1st solution that dissolved or distributed electron hole transportability polymers 
or an electron hole transportability low molecule to a solvent is created. Here, it is also possible 
to dissolve or distribute binder polymers further in the 1st solution. And the electron hole 
transporting bed 20 is formed on the positive electrode layer 10 with wet process using the 1st 
solution. 




RO 



OR 




JP,2003-007467,A [DETAILED DESCRIPTION] 



10/15 ^— v 



[0095]The 2nd solution that dissolved or distributed the dopant 41 and the host agent 42 of the 
luminous layer 40 to a solvent is created. Here, it is also possible to dissolve or distribute binder 
polymers further in the 2nd solution. And the luminous layer 40 is formed on the above- 
mentioned electron hole transporting bed 20 with wet process using the 2nd solution. 
[0096]The 3rd solution that dissolved or distributed electron-transport-property polymers or an 
electron-transport-property low molecule to a solvent is created. Here, it is also possible to 
dissolve or distribute binder polymers further in the 3rd solution. With wet process using the 3rd 
solution, the electron transport layer 60 is formed on the luminous layer 40. 
[0097]A solubility parameter of a solvent used for the 2nd solution has a value which shows 
outside of a meltable range to substances (electron hole transportability polymers or an electron 
hole transportability low molecule) contained in the electron hole transporting bed 20 at forming 
temperature of the luminous layer 40. In formation of the luminous layer 40 by wet process using 
such a solvent, an organic matter contained in the lower layer electron hole transporting bed 20 
is not dissolved. 

[0098]A solubility parameter of a solvent used for the 3rd solution has a value which shows 
outside of a meltable range to substances (the dopant 41, the host agent 42, binder polymers, 
etc.) contained in the luminous layer 40 at forming temperature of the electron transport layer 
60. An organic matter using such a solvent contained in the lower layer luminous layer 40 in 
formation of the electron transport layer 60 by wet process is not dissolved. 
[0099]At this time, when a solvent used for the above-mentioned 1st thru/or the 3rd solution 
evaporates by natural seasoning, the electron hole transporting bed 20, the luminous layer 40, 
and the electron transport layer 60 are formed. In this case, it is not necessary to process 
heating, a polymerization by exposure of ultraviolet rays, hardening, etc., therefore a 
manufacturing process is easy, and productive efficiency can be raised. 

[0100]The usual coating methods, such as casting method, the braid coat method, a dip coating 
method, a spin coat method, a spray coating method, a roll coating method, and an ink jet coating 
method, are included in wet process used by this invention, for example. 
[0101]Finally, vacuum deposition etc. are used, the catholyte 70 is formed on the electron 
transport layer 60, and an organic electroluminescence element of this invention is obtained. 

[0102]Solubility parameter SP is defined by SP={(deltaH-RT) /V} 1/2 at the absolute 
temperature T of a fluid of molar-heat-of-vaporization deltaH and molar volume V. However, SP 

is a solubility parameter (unit: (cal/cm 3 ) 1/2 ) among the above-mentioned formula, deltaH is the 
molar heat of vaporization (unit: cal/mol), R is a gas constant (unit: cal/(mol-K)), T is the 

absolute temperature (unit: K), and V is molar volume (unit: cmVmol). 
[01 03] Drawing 3 is a 2nd embodiment of an organic electroluminescence element of this 
invention, Before formation of the electron transport layer 60 among a manufacturing process of 
element structure shown by above-mentioned drawing 2, Pass a manufacturing process which 
forms the electron transport layer 60 and the catholyte 70 one by one like above-mentioned 
drawing 2 on this hole block layer 50 after forming electron hole block nature substances, such 
as PBD shown in [the-izing 2], with wet process and forming the hole block layer 50 on the 
luminous layer 40. 

[0104] Drawing 4 is a 3rd embodiment of an organic electroluminescence element of this 
invention, Before formation of the catholyte 70 among a manufacturing process of element 
structure shown by above-mentioned drawin g 2, Pass a manufacturing process which forms the 
catholyte 70 like above-mentioned drawin g 2 on this electronic injection layer 61 after forming 
electron injectional substances, such as lithium fluoride, with vacuum deposition and forming the 
electronic injection layer 61 on the electron transport layer 60. 
[0105] 

[Example] [Example 1] On the ITO board (below the marketing ITO, and Asahi Glass Co., Ltd. 
make:20ohms /, and **) which performed oxygen plasma treatment, with a vacuum evaporator by 

degree-of-vacuum 10~ 3 Pa. NPD shown in [the-izing 33] as an electron hole transporting bed is 
formed by 60-nm thickness with the evaporation rate of 1nm/sec, OXD-1 shown in [the-izing 5] 
as a luminous layer (6.1 eV of ionization potentials) CBP shown in 2.4 eV of electron affinity, and 
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the [Hzing 24] (6.15 eV of ionization potentials) Ir(ppy) 3 shown in 2.33 eV of electron affinity, 

and the Hzing 42] (5.3 eV of ionization potentials) Vapor codeposition of 3.04 eV of the electron 
affinity is carried out with the evaporation rate of 1 nm/sec so that each weight ratio may be set 
to 1:1:0.03, Form membranes by 20-nm thickness and Alq3 shown in [the-izing 56] as an 
electron transport layer is formed by 50-nm thickness with the evaporation rate of 1 nm/sec, 
Vapor codeposition of aluminum and the lithium was carried out to the last with the evaporation 
rate of 1 nm/sec so that lithium might be 1%, the negative pole was formed in it, and the element 
structure shown in drawing 2 was created. 

[0106]At this time, green luminescence of 4500 cd/m 2 was obtained by 500cd/m 2 (it is 
[ luminosity and the following ] the same), 6.5V, and 10 mA/cm 2 by 5V (it is [ driver voltage and 
the following ] the same) and 1 mA/cm 2 (it is [ current density and the following ] the same). 
[Comparative example 1] The element structure shown in drawing 2 like [Example 1] was created 
except having set the luminous layer host agent only to CBP. At this time, green luminescence 
of 3200 cd/m 2 was obtained by 400cd/m 2 and 6.5V, and 10 mA/cm 2 by 5V and 1 mA/cm 2 . 
[Comparative example 2] The element structure shown in dr awing 2 like [Example 1] was created 
except having set the luminous layer host agent only to OXD-1. At this time, green 

luminescence of 4100 cd/m 2 was obtained by 500cd/m 2 and 6.5V, and 10 mA/cm 2 by 5V and 1 
mA/cm 2 . 

[Example 2] Except having used the compound shown in following [table 1] instead of - [example 
5] OXD-1, when the element structure shown in draw ing 2 like [Example 1] was created, 
luminescence of the luminous efficiency shown in [Table 1] was obtained. 
[0107] 
[Table 1] 







1 m A/c nrf "CtOttSg 


10mA/crrf-e<B1£«B 


4* Mb 
(eV) 


(eV) 


«E (V) 


H&L Ccd/nf) 


»E (V) 


ft&Ccd/nrf) 


2 


lit 2} 


5.0 


500 


15 


4,500 


8.10 


2. 70 


3 


Hfc 31 


4.0 


450 


6.0 


3. 900 


6. 10 


3.05 


4 


Clfc4 3 


5.0 


500 


6.5 


4! 500 


S.10 


2. 90 


5 




5.2 


500 


7.0 


4.300 


6.10 


2.70 



[0108]Since BND shown by the [Hzing 3] used as a host agent in [Example 3] has electron 
affinity almost equivalent to dopant slack Ir(ppy) 3 (3.04 eV), energy transfer from a host agent 

to dopant is not performed efficiently. For this reason, compared with [Example 1] (OXD-1 use), 
[Example 2] (PBD use), [Example 4] (BBD use), and [Example 5] (OXD-7 use) which have an 
oxadiazole group as well as BND, luminosity has a low value. In order to make an efficient 
element, the host agent which shows electron affinity smaller than dopant is needed. Similarly, 
even if attached to ionization potential, if the host agent which shows larger ionization potential 
than dopant is chosen, an efficient element will be obtained. Even if this is attached to the host 
agent of not only the host agent of the above electron transport property but electron hole 
transportability, it is the same. 

[Example 6] Except having used the compound shown in following [table 2] instead of - [example 
11] OXD-1, when the element structure shown in drawin g 2 like [Example 1] was created, 
luminescence of the luminous efficiency shown in [Table 2] was obtained. 
[0109] 
[Table 2] 



mm 




1 mA/cfrf-I*<Dl41fe 


10mA/cnfr*<Z)ttlH 


4**4b 
(eV) 


(eV) 


mJE CV) 




«E (V) 


»|£Ccd/rrf) 


6 




5.0 


480 


6.5 


4, 000 


5.74 


2.18 


7 




4.0 


480 


6.0 


4. 100 


5. BO 


2.40 


8 




5.0 


480 


6.5 


4! 105 


5.74 


2.30 ! 


9 


Mt1 3] 


5.2 


480 


7.0 


4,000 


5. BO 


2.10 


10 


iMfcl 45 


5.0 


430 


6.5 


4^00 


5. 74 


2.15 


11 


Htei si 


5.2 


480 


7.0 


4,100 


5.74 


2.15 



[0110][Example 12] - [Example 15] Except having used the compound shown in following [table 
3] instead of CBP of [Example 1], when the element structure shown in drawing 2 like [Example 
1] was created, luminescence of the luminous efficiency shown in [Table 3] was obtained. 
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[0111] 
[Table 3] 







1 m A/ e nf T?(Dttfl§ 


IOmA/onrf-C(0l£Ag 


CeV) 


(eV) 


*a (v) 


W£(cd/rrf) 


«JE (V) 


m& Ccd/nf) 


12 


i\tz 0] 


5.0 


440 


6.5 


4.200 


6. OS 




13 


Wb2 13 


5.0 


460 


€.5 


4. 300 


S. 96 


2.17 


14 


^2 2] 


5.0 


470 


6.5 


4.300 


5.99 


2.52 


15 




5.0 


490 


6.5 


4. 400 


6. OS 


2.21 



[01 12][Example 16] Except having used the dopant which is changed to Ir(ppy) 3 of luminous 

layer dopant in - [Example 27] and [Example 1], and is shown in following [table 4] as a 
compound, when the element structure shown in drawing 2 like [Example 1] was created, 
luminescence of the luminous efficiency shown in [Table 4] was obtained. 
[0113] 
[Table 4] 







1 mA/crrfT?CD1iflg 


10mA/cnrf-e<Dt£ftg 


(nm) 


(V) 


mm Ccd/nf) 


me cv) 


mm (Gd/nrf) 


16 




5.0 


450 


6.5 


4.200 


545 


17 


C<fc4 43 


5.0 


290 


6.5 


2.700 


563 


18 


Cifc45] 


5.0 


550 


6.5 


5. 300 


525 


19 


C*fc4 6] 


5.0 


360 


6.5 


3. 400 


555 


20 


Lit A 7) 


4.9 


50 


6.5 


480 


608 


21 


Cft4 B } 


4.9 


510 


6.5 


4. 500 


516 


22 


ats o) 


5.0 


450 


6.5 


4. 300 


545 


23 


OffcS 1] 


5.0 


280 


6.5 


2.500 


563 


24 


Dffc52] 


5.0 


540 


6.5 


5, 100 


525 


25 




5.0 


360 


6.4 


3.300 


555 


26 




4.9 


40 


6.4 


380 


608 


27 


t4t2 9] 


4.9 


15 


6.4 


160 


647 



[01 14] [Example 28] The element structure shown in dr awing 2 like [Example 1] was created 
except having changed the electron transport layer to Alq3 and having formed by OXD-1. At this 

time, green luminescence of 4700 cd/m 2 was obtained by 500cd/m 2 and 7V, and 10 mA/cm 2 by 

5.5V and 1 mA/cm . 

[Example 29] The element structure shown in drawing 3 like [Example 1] was created as a hole 
block layer between the luminous layer and the electron transport layer except having formed 
BCP shown in [the-izing 55] by 6-nm thickness with vacuum deposition with degree-of-vacuum 

10~ 3 Pa and the evaporation rate of 0.1nm/sec. At this time, green luminescence of 4500 cd/m 2 

was obtained by 500cd/m 2 and 6.7V, and 10 mA/cm 2 by 5.2V and 1 mA/cm 2 . 

In [Example 30] and [Example 1], as an electronic injection layer between an electron transport 

_o 

layer and catholyte with the vacuum deposition of degree-of-vacuum 10 °Pa, and evaporation 
rate the conditions of 0.1nm/sec. The element structure shown in drawing 4^like [Example 1] 
was created except having formed lithium fluoride by 5-nm thickness, and having changed the 

negative pole to aluminum. At this time, green luminescence of 4500 cd/m 2 was obtained by 

500cd/m 2 and 6.5V, and 1 0 mA/cm 2 by 5V and 1 mA/cm 2 . 

[Example 31] PVK6mg shown by the [-izing 25] of the polystyrene equivalent weight normal 
(henceforth a molecular weight) 1,100,000 measured with gel par EISHON chromatography was 
dissolved by 1 and 2 1-ml dichloroethane, and the solution 1 was created. The electron hole 
transporting bed of 50-nm thickness was obtained by carrying out the spin coat of the solution 1 
for 1 second at 1000 rpm on the ITO board (below the marketing ITO, and Asahi Glass Co., Ltd. 
make:20ohms /, and **) which performed oxygen plasma treatment. With a vacuum evaporator, 

on an electron hole transporting bed, with degree-of-vacuum 10 Pa and the evaporation rate of 
1nm/sec OXD-1, CBP, and Ir(ppy) 3 , Carry out vapor codeposition and the luminous layer of 20- 

nm thickness is formed so that each weight ratio may be set to 1:1:0.03, Alq3 was vapor- 
deposited with the evaporation rate of 1nm/sec, the electron transport layer of 50-nm thickness 
was formed, and the element structure which carries out vapor codeposition of aluminum and the 
lithium to the last with the evaporation rate of 1nm/sec so that lithium may be 1%, forms the 
negative pole in it, and is shown in drawing 2 was created. At this time, green luminescence of 

4500 cd/m 2 was obtained by 500cd/m 2 and 8.3V, and 1 0 mA/cm 2 by 7V and 1 mA/cm 2 . 
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[Example 32] The element structure shown in drawin g 2 like [Example 31] was created except 
having changed the material of the electron hole transporting bed into the polymer (molecular 
weight 60,000) shown by [theHzing 31] from PVK. At this time, green luminescence of 4500 

cd/m 2 was obtained by 500cd/m 2 and 7.3V, and 10 mA/cm 2 by 6V and 1 mA/cm 2 . 
[Example 33] 6 mg was dissolved by 1 and 2 1-ml dichloroethane as PVK of the molecular weight 
1,100,000, and the solution 1 was created. 2.5 mg of polyvinyl biphenyl of the molecular weight 
1 15,000 was dissolved in 1 ml of xylene as 0.17 mg and binder polymers as 1.25 mg and Ir(ppy) ^ 

as 1.25 mg and CBP as OXD-1, and the solution 2 was created. A 50-nm electron hole 
transporting bed was obtained by carrying out the spin coat of the solution 1 for 1 second at 
1000 rpm on the ITO board (below the marketing ITO, and Asahi Glass Co., Ltd. make:20ohms /, 
and **) which performed oxygen plasma treatment. A 20-nm luminous layer was obtained by 
carrying out the spin coat of the solution 2 for 1 second at 1000 rpm on an electron hole 

transporting bed. With a vacuum evaporator, by degree-of-vacuum 10 Pa, form Alq3 with the 
evaporation rate of 1nm/sec, and an electron transport layer is formed at 50-nm thickness, The 
element structure which carries out vapor codeposition of aluminum and the lithium to the last 
with the evaporation rate of 1nm/sec so that lithium may be 1%, forms the negative pole in it, 

and is shown in drawing 2 was created. At this time, green luminescence of 4500 cd/m 2 was 

obtained by 480cd/m 2 and 10.5V, and 10 mA/cm 2 by 9V and 1 mA/cm 2 . 

[Example 34] Except having used the compound shown in following [table 5] instead of - 

[example 37] OXD-1, when the element structure shown in drawing 2 like [Example 33] was 

created, luminescence of the luminous efficiency shown in [Table 5] was obtained. 

[0115] 

[Table 5] 







1 mA/onrf-edDtefil 


10mA/cnrf-e<Dte8fe 


(aV) 


(eV) 


(V) 


«?JS(od/rrf) 


*E (V) 


mm CcO/nff) 


34 


Nfc2 3 


8.0 


480 


9.5 


' 4.500 


6.10 


2.70 


35 


Ut3} 


8.0 


430 


10.0 


3 T 700 


6.10 


3. 05 


36 


Wt 4 5 


9.0 


4B0 


10.5 


4.300 


6.10 


2. 90 


37 


Ut6 3 


9.2 


480 


11.0 


4 J 00 


6.10 


2.70 



[01 16][Example 38] Except having used the compound shown in following [table 6] instead of - 
[example 43] OXD-1, when the element structure shown in dr aw i n g 2 like [Example 33] was 
created, luminescence of the luminous efficiency shown in [Table 6] was obtained. 
[0117] 
[Table 6] 







1 mA/crrf-eamti 


1 0m A / c rrf T? ©l-fefltl 


•Y*iHb 
CeV) 


CeV) 


«JE (V) 


(cd/nrf) 


«EE (V) 




38 


tfcl 0] 


9.0 


W 


10.5 


4.000 


5.74 


2.18 


39 


Mb i 1 3 


9.0 


450 


10.0 


4.100 


5.80 


2. 40 


40 


Ufcl 2] 


9.0 


430 


10.5 


4.100 


5.74 


2. 30 


41 


Hfcl 3] 


9.5 


440 


11.0 


4.000 


5.80 


2. 10 


42 


UL1 4 J 


9.0 


480 


10.5 


4 100 


5.74 


2.15 


43 


Hb1 S3 


10.0 


4J10 


11.0 


4 J 00 


5. 74 


2.15 



[01 18][Example 44] Except having used the compound shown in following [table 7] instead of - 
[example 47] CBP, when the element structure shown in drawin g 2 like [Example 33] was 
created, luminescence of the luminous efficiency shown in [Table 7] was obtained. 
[0119] 
[Table 7] 







1 mA/crrfT?©f£flfe 


lOmA/c nt-C0&tt 


<eV) 


(eV) 


^ffi (V) 


m (cd/nrf) 


<V) 


WS. Ccd/rrD 


44 


Cfc203 


0.0 


440 


10.5 


4. 200 


6.05 


2. 25 


45 


tibZ 13 


9.0 


460 


10.5 


4.300 


5.96 


2.17 1 


46 


Cft:2 23 


9.0 


470 


10.5 


4. 300 


5.99 


2.52 


47 


CflS2a3 


9.0 


490 


10.5 


4. 400 


6.05 


2.21 



[0120][Example 48] Except having used the compound shown in following [table 8] instead of Ir 
(ppy) 3 of the - [Example 59] solution 2, when the element structure shown in drawing 2 like 

[Example 33] was created, luminescence of the luminous efficiency shown in [Table 8] was 
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obtained. 



[0121] 
[Table 8] 







1 m A/ c nfCCDtigB 


10m A/ crrf 


(rim) 


*J£ (V) 


mm (cd/nt) 


ma (v> 




48 


£1fc4 3 3 


9.0 




10.5 


4. 200 


545 


49 


Ut4 43 


9.0 


290 


10.5 


2.700 


563 


50 


[ft4 5] 


9.0 


550 


10.5 


5,300 


525 


51 


Ut4 6 3 


9.0 


360 


10.5 


3.400 


555 


52 


tfc4 7) 


8.5 


50 


10.5 




608 


53 


[4t4 83 | 


8.5 


510 


10.5 


4. 500 


516 


54 


Cits 03 | 


9.0 


450 


10.5 


4, 300 


545 


55 




9.0 


280 


10.5 


2, 500 


563 


56 


C*fc5 23 


9.0 


540 


10.5 


5. 100 


525 


57 


Cib5 3 3 


9.0 


360 


10.0 


3. 300 


555 


58 


tits 43 


8.4 


40 


10.0 


380 


608 


59 


Hb2 9 3 


8.4 


15 


10.0 


160 


647 



[0122][Example 60] The element structure shown in drawin g 2 like [Example 33] was created 
except having dissolved in 1 ml of xylene and having created 0.17 mg as 2.5 mg, CBP2.5mg, and 
Ir(ppy) 3 , as a polymer (molecular weight 60,000) shown by Etherizing 7] in the solution 2. At this 

time, green luminescence of 4500 cd/m 2 was obtained by 480cd/m 2 9V and 10 mA/cm 2 by 8V 
and 1 mA/cm . 

[Example 61] The element structure shown in drawing 2 like [Example 60] was created except 
having created the solution 2 instead of the polymer shown by [the-izing 7] using the polymer 
shown by [the-izing 8] (molecular weight 60,000). At this time, green luminescence of 4500 

cd/m 2 was obtained by 480cd/m 2 and 9V, and 10 mA/cm 2 by 8V and 1 mA/cm 2 . 
[Example 62] the - [Example 64] solution 2 instead of the polymer shown by [the-izing 7], 
Except having created using the polymer shown by the [Hzing 38] shown in following [table 9] 
thru/or the [Hzing 40] (each molecular weight 60,000), when the element structure shown in 
drawing 2 like [Example 60] was created, luminescence of the luminous efficiency shown in 
[Table 9] was obtained. 
[0123] 
[Table 9] 







1 m A/ c n 




10mA/crrf-*?(Dt£^ 


WE. (V) 


ME(od/rrf) 


ma W 


SSUCcd/nrf) 


62 


Cfb3 8] 


7.0 


450 


8.0 


3. 800 


63 




7.0 


450 


8.0 


4. 000 


64 


Cft4 0] 


7.0 


450 


8.0 


3. 900 



[01 24] [Example 65] the solution 2, The element structure shown in drawing 2 like [Example 33] 
was created except having dissolved in 1 ml of xylene and having created 0.17 mg as 2.5 mg and 
Ir(ppy) 3 as 2.5 mg and OXD-1, as N-phenylpolycarbazole (molecular weight 60,000) shown in 

[the-izing 31]. At this time, green luminescence of 4500 cd/m 2 was obtained by 480cd/m 2 8V 
and 1 0 mA/cm 2 by 7V and 1 mA/cm 2 . 

[Example 66] PVK6mg of the molecular weight 1,100,000 was dissolved by 1 and 2 1-ml 
dichloroethane, and the solution 1 was created. 2.5 mg of polyvinyl biphenyl of the molecular 
weight 100,000 was dissolved in 1 ml of xylene as 0.17 mg and binder polymers as 1.25 mg and Ir 
(ppy) 3 as 1.25 mg and CBP as OXD-1, and the solution 2 was created. 2.5 ml of polystyrene of 

the molecular weight 50,000 was dissolved in 1 ml of cyclohexane as 2.5 mg and binder polymers 
as PBD, and the solution 3 was created. 

[0125]A 50-nm electron hole transporting bed was obtained by carrying out the spin coat of the 
solution 1 for 1 second at 1000 rpm on the ITO board (below the marketing ITO, and Asahi Glass 
Co., Ltd. make:20ohms /, and **) which performed oxygen plasma treatment. A 20-nm luminous 
layer was obtained by carrying out the spin coat of the solution 2 for 1 second at 1000 rpm on 
an electron hole transporting bed. A 50-nm electron transport layer was obtained by carrying out 
the spin coat of the solution 3 for 1 second at 1000 rpm on a luminous layer. 
[0126]With the vacuum evaporator, vapor codeposition of aluminum and the lithium was carried 
out to the last with the evaporation rate of 1nm/sec so that lithium might be 1%, and the 
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negative pole was formed in it. At this time, green luminescence of 4500 cd/m was obtained by 
480cd/m 2 and 10.5V, and 10 mA/cm 2 by 9.5V and 1 mA/cm 2 

[Example 67] The element structure shown in drawing 2 like [Example 66] was created except 
having dissolved in 1 ml of xylene and having created 0.17 mg as 2.5 mg of polymers (molecular 
weight 60,000), CBP, and Ir(ppy) 3 which are shown by [the-izing 7] in the solution 2. At this 

time, green luminescence of 4500 cd/m 2 was obtained by 480cd/m 2 and 9V, and 10 mA/cm 2 by 
8.5V and 1 mA/cm 2 . 

[Example 68] The element structure shown in d rawing 2 like [Example 67] was created except 
having created the solution 1 using the polymer (molecular weight 60,000) shown by [the-izing 

31] instead of PVK. At this time, green luminescence of 4500 cd/m 2 was obtained by 480cd/m 2 

and 9.0V, and 10 mA/cm 2 by 8V and 1 mA/cm 2 . 

[Example 69] The element structure shown in drawin g 2 like [Example 68] was created except 
having dissolved in 1 ml of cyclohexane and having created 5 mg as an oxadiazole system high 
molecular compound (molecular weight 60,000) shown by [the-izing 7] in the solution 3. At this 

time, it was green luminescence of 4300 cd/m 2 in 460cd/m 2 and 7.5V, and 10 mA/cm 2 at 7V and 

1 mA/cm 2 . 
[0127] 

[Effect of the Invention]As for the host agent of the luminous layer used for this invention, 
bipolar nature, i.e., not being unevenly distributed in a luminous layer, since it has radical-cation- 
izing and the bipolarity nature whichis [ radical-anion-] easy toize **, excites [ namely, ] dopant, 
and radiation of phosphorescence is attained so that clearly from the above explanation. High- 
intensity luminescence is obtained in the organic electroluminescence element which has the 
luminous layer formed in this way, without the luminous region in a luminous layer concentrating 
on a particular part. 
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[Brief Description of the Drawings] 

[ Draw ing 1]Element structure of an organic electroluminescence element 
[ Drawing 2] A 1st embodiment of the element structure of this invention 
[Draw ing 3]A 2nd embodiment of the element structure of this invention 
[Draw ing 4]A 3rd embodiment of the element structure of this invention 
[Description of Notations] 
10 Positive electrode layer 

40 Luminous layer 

41 Dopant 

42 Host agent 
70 Catholyte 
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^ft^> 
[0 0 8 3] 
[ft6l] 




10 



20 



30 



40 
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[0 0 84] (ft*S:[ft 61]*, R.tt*;fr«l»ftfc: 

[ft 6 i]^iOIL*ttftS#D 
[0 0 8 5] feft5ft± J ?^«)lfc#ft© 

[0 0 8 6] i2T^§ft^fixi/^ hn/U^^^/ir 

y-fe^-xSlT-^i^mSJglBSrS-fo 0 1 «7)t^ /a 
y*J83 0 blEU?* 5/^|5 0 ir^WB&*ixT^5 
/j\ IH 2 fcfcl^T, jETUBtigg 2 0 tl^/p y *Sb* 
S\ n^m&m 6 0 CHL7"p y WPixi* fc 

[0 0 8 7] H3^S*i5#»:tu^ bP/u^yt 

[0 0 8 8] H4T?*Stt5fi , *|3iU'^ hP/K^^-tr 
>*St^*^fi§te> ElT^1"*iF«it*^, 

170 tm^mm 6ot <oiBfc«^i^tt»ft^*i8 

[0 0 8 9] tt^ffiAffiftffi: LTtt, fcfc*.tf, 
ftyf-^A, KftiJ^^A, 

[0 0 9 0] 
Ift6 2] 




50 



[0 0 9 1 ] [ft6 2]T*Stb58-t Kp*^*; y 

[0092] #ct^ m 2 &*mw<D%z 1 £>IB*J&t8£ L 

wi-s. 

[0 0 9 3] Si*, Sffi (H**T) fcft5a«ift«* 

tt^/<sx*ftt"C»j«i-5. 

[0 0 9 4] IE?L^tt*^^^^IE7L^tt 
fS^«rlftK»c»W*fcH:dlfc Lfc* 1 ©#»*fft*i- 
5o Igl ^iftSH 1 ** 

^Sfctt^ifci-S^t fcT>TtB"CS>So *UT, «1<0» 

2 0 SrJgj*i"5a 

[0 0 9 5] 51*14 O<0 K— :/3fl4 1 W7 



(10) 

17 

[0096] 3 a^wisttift^sfctta-?*!^ 

[0 0 9 7] tfc, »2<D*«Etffil^fc*«EO»j)ia[/N' 
Ji2 0t^*tb5*K (]E?L«iSttiS^*5t(ljE7L«i 

(7)»ac*5^T, T»^IE7L(ftSJi2 0Jc^*nS 3 fiP» 
[0 0 9 8] ^3^ffitCfflV>S^^^?a^ 
14 CHC^HStlff (K-^J4 1, *XhM4 2R 

SriBWi- art as ft v \ 

[0099] ^cDB#, ±x&<Dm mmm 3 <Dism\£m^ 
i^iB 2 0 irfg*B4 0 t*T-«isji6 0 tmmzti 
common 5 fto-c, «Jtxaa J «*-e* 

[0 10 0] *»W-e«fflStb5»Safe(cf±, fc£x.fi 
^-^T^^ife, 7V-Kn^h?^ gfl^Xfe * 30 

[0101] t^»«l6 o±t^ 3K#jfeft4f 

[0 10 2] ft*5, »HHt^?^-*SPIJ % */HIMB 

SP= { (AH-RT) /V} 1/2 

t?S«$*L5. fc*TU ilE**, SP 9* 

— ^ (W£ : ( c a 1 / c m 3 ) m ) X»h 5 , A Hfi^e 40 

: c a 1 /m o 1 ) T*> 9 , R WJKffcje 
R (*{£ : c a 1/ (mo 1 • K) ) -efcU, TttlfeSfr 
Sit (*& : K) Vtt^/Hfca (¥(u : cm 3 

/ m o 1 ) "T?fo5o 
[0103] Sfc, H3B, **W0>*** i/^ h u)V 

*5ftS*^*&^WitXgtK tfii35l6 0©»jjt 
ituM, ai4 0J:(: [ft 2] CSfPBD^iWJL 



2003-7467 
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5 0MtfctC, RiE?L^Py^i5 0±t, _h!E 
02t f3tt£tt7tt£J| 6 0 £ gSJf 7 0 £ 

[0 10 4] ifc, B4(i, *^BJ(0^fH^U^ hnyu 

^sns^stitoKitxe*, »si7o«M 

S«?ffiAl 6 1 XIEH2 £K«KB 

mm 7 0 S:»*"t-5»txa*rttT#b*t5a 
[0 10 5] 

immm] immmn ^i^x^imo/ci 

TOlfi± (TfflR I TO, JflSB-fltK : 2 0 Q/DfiJt 
T) fcJtS3R*SHtJ:!Jlt2Sai 0" P a T\ jE?L<6 
i£«£LT[{t;3 3]tC^1-NPD^^*iSSl nm/s 

^tOXD-l Wty»ryyt^6. leV, 1 
: f»fP*2. 4eV) Hft2 4]i:^tCBP (-f^ 
ft*ryi/t^6. 1 5 e V, B^fP^2. 33e 
V) Hft4 2](OTtIr (ppy) 3 Wtyft*7 
y->^5. 3 e V, «-f-»fP*3. 04eV) £ & N 
■tix-t'tl^fiiltas 1 : 1 : 0. 0 3^fr&c£ 5^fPf 
ifig 1 n m/ sec X&M^ U 20n m<7))BII¥T*j£lR 
U ft^tt^St Lt[ft5 6](C*fA 1 q 3S:|K#jg 
Slnm/s e c*C5 0 nm(Z)If "CjjclU ftfli^ 

5 lnm/sec LTR* «r#J* U 

t, H2K*i-* J F«it«rfPfiRLfc. 
[0 10 6] r^Bf, 5V ETFUCO , 1 

mA/cm 2 KTfc&C) T5 0 0 cd/ 

m 2 «TPC) , 6. 5V, 10 mA/cm 2 

T4 5 0 0 c d/m 2 ©Hkfe^JRifeSrWfco 
[Jfc«0!ll] 3S*»*^ MBSrCBPK)*4: UfcK^tt 
[3BS«1] tra*lcH2k:«r*^«JttffJ*Ufc. 

5V, lmA/cm 2 T4 0 0 c d/m\ X 
t>\ 6. 5V, 10mA/cm 2 t3 2 00 cd/m^ 

m* mmm 1 ] &n«tH2 tsi-jii^watsrff a t 

fco ^1^B#, 5V, lmA/cm"T5 00 cd/m\ 
XV, 6. 5V, 1 0mA/cra 2 t4 1 0 0 c d/nf 

[Htfe0!l 2 ] - [*Jfe#| 5 ] O X D - 1 <Dmt> tCTlE[* 

lcH2|c*i-3H^fl|itS:^bfci:Ci%, [*i](c^-f 

[0 10 7] 



(11) 
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20 





4b£*o 


ImA/clrf-PfflttH 


10m A/ c lrft?a>14#fc 


^*i^b 
<eV) 


(eV) 


«BE (V) 


»j*(cd/irf> 


(V) 


»£(cd/rrf) 


2 




5.0 


500 


6.5 


4.500 


8.10 


2.70 


3 




4.0 


450 


6.0 


3. 900 


6. 10 


3.05 


4 




5.0 


560 


6.5 


41500 


fi. 10 


2. SO 


5 




5.2 


500 


7.0 


4. 300 


6. 10 


2.70 



[0 10 8] [Ultfcia]-?** hfflfc LTffl^fc[{t3] 
T*tBNDft «-7 L »fil*^K— ^ffilfca I r (pp 
y) 3 (3. 04 eV) fc ISEHfP* 0>*. fc* hfflfrb 

Kftil] (OXD-lftl , [*tt«2] (PBDf 

m) . lmmwu] (BBDttW , mums] coxd 

v fcfls s * £ fi , K- J: 5 /h S l £ 



6 ] ~ [MMm li] o x D - l <D&t> <0 i-TIE 
10 [*2]fcS-tfc^fc«ffiLfc&*H4, [IH6«1]4:RI 

[0 10 9] 
[*2] 



6, 



[*2] l> 





4b£4Sb 




10mA/crrf"t?<Z)1£f|g 


4**4b 
(eV) 


CcV) 


WE (¥) 


ftJ&Ccd/rrf) 


ms cv) 


ffg(cd/irf) 


8 


[*bi o] 


5.0 


480 


8.5 


4.000 


5. 74 


2.18 


7 




4.0 


480 


8.0 


4.100 


5. BO 


2.40 


■8" 


tlbi 2J 


5.0 


480 


5.5 


4! 100 


5.74 


2.30 


9 


Hfci 33 


5.2 


480 


7.0 


4.000 


5.80 


2.10 


10 




5.0 


490 


6.5 


4.100 


5. 74 


2.15 


11 


Clbl 5] 


5.2 


480 


7.0 


4.100 


5. 74 


2.15 



[Olio] [MMM l 2 ] ~ [HSM l 5 ] [HffiMi] 
©CBP <D#t? t) ICT!E[* 3 ] tc^-Tft-g-tlSrffiffl Lfc 



6, 



[0111] 



m 3 ] [cm^mmn%%m% btitz 







1 mA/o rrfT?<DH1IB 


1 Dm A/ 0 iff "eOttflg 


(eV) 


CeV) 


ma (v) 


ME (cd/nrf) 


BE <V) 


mm Ccd/nf ) 


12 


Mh2 03 


5.0 


440 


6.5 


4.200 


6.05 


2.25 


13 


Mh2 1] 


5.0 


400 


6.5 


4.300 


6. 96 


2.17 


14 


Hk2 23 


5.0 


470 


6.5 


4.300 


5.98 


2.52 


15 




5.0 


490 


6.5 


4.400 


6. 05 


2.21 



[01 12] [mtmi e]~ [nis#ij2 7] [njfe«i] 

vm%m v-y"ffl<v I r (p p y ) , iC#xTte[«4] 
[cm 2 fcjSi-JK^atSrflSRft Lfctr^ [* 



I 



[0 113] 
30 [314] 



>— o 



1] tlH 



mm 




1 mA/crrfT?©ffiflE 


10mA/anfT*<D1£1!& 


(nm) 


its (V) 


KftCcd/rrt) 


ms cv) 


»flE(Qd/nrf) 


16 


C<b433 


5.0 


450 


6.5 


4.200 


545 


17 


C*b4 4j 


5.0 


290 


6.5 


2. 700 


563 


18 


C*b4 5j 


5.0 


550 


6.5 


5, 300 


525 


19 


C4b4 6) 


5.0 


360 


6.5 


3.400 


555 


20 


[<b4 7] 


4.9 


50 


6.5 


480 


608 


21 


C<b4B] 


4.9 


510 


6.5 


4.500 


516 


22 


C<bso] 


5.0 


450 


6.5 


4.300 


545 


23 


C*bs 13 


5.0 


280 


6.5 


2,500 


563 


24 


C<b5 2) 


5.0 


540 


6.5 


5, 100 


525 


25 


C<b5 3) 


5.0 


360 


6.4 


3.300 


555 


26 


«b5 4l 


4.9 


40 


6.4 


380 


608 


27 


Hb2 9) 


4.9 


15 


6.4 


160 


647 



I 0 1 14] [Idfeffll 2 8 ] «^&1iSI£A 1 q 3 \i 

*.OXD-lfcJ:9»riJLfc£WW4 [Hifefll] irlSHI 
lcH2lc*i-*^«igS:fpj*L/to rtf)J^ 5. 5V, 

lmA/cm 2 t5 0 0 cd/m 2 W, 7 V, 10mA 
/cm 2 t'4 7 0 0 c d/m 2 ©|ftfe^383teiS#6tLfc 0 

Mt LT, X^Sl O" 3 P a, ISlgO. 1 nm/s 
ectMICJ;^ [ft5 5](^tBCPS:6nm 

■fSR^f-WitSrffjaLfco r^Pf, 5. 2V N ImA/c 
m 2 t5 0 0 cd/m 2 M 6. 7 V, 10m A/ cm 



40 "C4 5 0 0 c d/m ©Stfe<0|53fc3SS#fctt7t o 

[n*ffi 3 o ] mmm 1 ] Tt^isi t m t © 

0. lnm/sectft^Ifta^ 

*Afc#;ifc^fc£Wtt [Sttfcflll] t[^«(cg|4{c^ 

i-SH^flUtfrffrtbfco 5V, ImA/cm 

T*5 0 0 cd/m\ 5V, 10mA/cm"t 

4 5 0 0 c d/m 2 cD|Sfe^l§^^#^tlfco 



50 {cXVM&lstz 



21 



mtmOo ) 1, 1 0 0, 0 0 0^)[ft2 5]t*tPV 
K6mg4rlml©l, 2 is? nnx^ l^X^U IT, 
ftttl «rfft*Lfco **^9XTftaS:fT*ofc I TO 

£«± (mas i to, mm^±m 2 0 q/dkt) \c 

£* 1 0 0 0 r pmt'lW^tVn- 

J; 9 5 0.nm<DBW[©IE7L((liS«S:#*: o IE7L$iffiji_h 

n m/ sec "CO XD-1 tCBPt I r (ppy) 3 

tKDMmitfy< 1 : 1 : 0. 0 3 5 
t*if L2 0 nm©IWoSSJtlS:*lU IS#ig£ 
1 n m/ s e c TA 1 q 3 I50n m<D^W.(DM 

Sr, yf!>^l%i:ft5J;5tl*afilnm/se 
c LTItffi LTi 2 fc^-f-*^ SKgSrffs 

J$Lfc 0 7 V, lmA/cm 2 t500 cd/ 

m\ RXfS. 3 V, 10mA/cm 2 T4 5 00 cd/ 

[«w 3 2] iEimmm<Dttn&pvKfrbifc'3 1] 

T?^1-fi##: (^16 0, 0 0 0) {C^fcK^tt 
K1M3 1] fcWI*{cH2^i-* : ffl!JtSrf^aL 

fc Q r<7)^ 6 V, lmA/cm 2 t'5 0 0 cd/ml 
tK7. 3 V, 10mA/cm 2 T4 5 0 0 cd/m 2 (Di 

, 100, OOOCOPVKtLT 
2^^npx^y^«tT, 



[IWJ3 3]^f 1 
BmgSrlm 1 O 1 , 
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*il S:ffr£Lfc 0 OXD-ltLTl. 25mgirCB 
PitTl. 25mgirlr (ppy) atttO. 1 
7mg t/U^yMft^t IT^ff 1 1 5, 0 0 0(7) 
tfy}?—A'}f7 = ^A'2. 5mgi^>l/yiml(; 

ofc i Toifii (mis i to, mm^-itn 2 oq/ 

□KT) £ 1 0 0 0 r pmTl&f^t>3- 

h J: 9 5 0 nm<BjEaj|it£l£#fc 0 £<bM, 

IEJHtiS«±t»iR 2^1 0 0 0 rpmTl S>Pfl* b°> 
10 a*- h-f^mO: V 2 0 nm^JBftJifcffcfc. Jt£^* 
mrn^ «fc 5 K^S 1 0" 3 Pa TA 1 q 3 ^i^jSg 1 n 
m/s e cT5 0 nm(DJijf:i?l:T-»ig®^!lL, ft 

ft 3 «t 5i-^#iiJSl nm/s e cT*I|LTSffil' 

V, lmA/cm 2 T4 8Gcd/m\ MlO. 5 
V, 1 0 mA/ c m 2 T4 5 0 0 c d/m 2 

KMJ3 4]- [H*$!3 7] OXD- l^ffoUtT 
20 |E[*5]|ci^{b^*«:«fflbfcK^f4, [ftifc0!3 3] 
fcWtRtH2|c«i-#^«J6SrffrilUfci:^5, DS5] 

[0 115] 
[*5] 







1 m A/ 0 nf ?<Dtttt 


1 0m A / 0 rrf <Dtttte 




m 


SEE (V) 


JS!£(cd/nf) 


(V) 




34 




s. a 


480 


9.5 


4.500 


6.10 


2.70 


35 




8.0 


430 


10.0 


3.700 


6.10 


3.05 


36 




9.0 


480 


10.5 


4.300 


6.10 


2.90 


37 




9.2 


480 


11.0 


4.100 


6- 10 


2.70 



[0 116] [HJ£$I3 8]~ [H1S«4 3] OXD-1 30*^5, [* 6 ] IBJtSft*©*** 5 * bftfc 

<£>#;b D KTIEE* 6 ] LfcE**M4. [0117] 

3 3 ] t iRi«tcia 2 [^^rm^mm^i^ Ltctx me] 







1 iwA/c nrfT*(Di&fcE 


1 0m A / c rrf T? <3DtM8 


CeV) 


CeV) 


W£ (Y) 


(cd/rrf) 


«E CV) 




38 


Mb 1 0] 


9.0 


486 


10.5 


4.000 


5.74 


2.18 


39 


[jbl 11 


8.0 


480 


10.0 


4.100 


5.90 


2. 40 


40 




9.0 


480 


10.5 


4.100 


5.74 


2.30 


41 


f«1 3 5 


9.5 


480 


11.0 


4,000 


5.80 


2. 10 


42 


Hbi 4] 


9.0 


4fi0 


10.5 


41100 


5.74 


2.15 


43 


tit 1 5 J 


10.0 


4S0 


11.0 


4 100 


5.74 


2.15 



[0 118] [MMffl 44] ~ IMMffl 4 7] C B P CD ★ * 5, [*7]fcij^«3fe»*©»###&ftfc. 
#fr ■} IcTffit* 7 ] t^i-fl2«*fe«ffl LfcKfl-fi, [0119] 

cxxfl 3 3 ] t mmicm 2 K^-rm^m^^®. ttz t i* 7 ] 



&1MM 




1 mA/enf-CflOttHfe 


10mA/errfT?O)tt(fi 


(eV) 


(eV) 


«E <V) 




«£E (V) 


ffSCcd/rrt) 


44 




9.0 


440 


10.5 


4.200 


5.05 


2.25 


45 




9.0 


460 


10.6 


4.300 


5.98 


2.17 


48 


C<t2 2D 


9.0 


470 


10.6 


4.300 


5.99 


2.52 


47 




9.0 


490 


10.5 


4.400 


6.05 


2.21 



[0120] [SlfiM 4 8 ] ~ [HJfe0iJ 5 9 ] m& 2 <D I 

r (p p y) .©S s 9l-T3B[*8]t^i-ft;-g'»Sr«ffl 



7^_o 

10 12 1] 
[*8] 



1 



(13) 



23 



#[HS2 003-7467 
24 





4b£& 


1 mA/crrfT?<OtgEflg 


10mA/crTTC<D1tfle 


(nm) 


^tffi (V) 


US. (cd/nf) 


(V) 


(cd/nf) 


45 


[It 4 3 3 


fl.O 


456 


10.5 


4.200 


545 


49 


Ut4 43 


s.o 


290 


10.5 


2. 700 


563 


50 


Ub4 53 


9.0 


550 


10.5 


5, 300 


525 


S1 


[ft46] 


S.O 


360 


10.5 


3,400 


555 


52 


Efc4 7) 


9.5 


50 


10.5 


400 


600 


53 


Cib4e3 


8.5 


510 


10.5 


4. 500 


516 


54 


tlbs 03 


g.o 


450 


10.5 


4, 300 


545 


55 


Cfc5 1] 


9.0 


280 


10.5 


2,500 


563 


56 


C1fc5 23 


9.0 


540 


10.5 


5. 100 


525 


57 


Lit 6 3 3 


9.0 


360 


10.0 


3. 300 


555 


58 


lit5 43 


8.4 


40 


10.0 


380 


608 


59 


Ut2 9 3 


8.4 


15 


10.0 


160 


647 



[0122] mmme o] *«2«r, Mk7]-c*<**i 

(^16 0, 000) t LT 2 . 5mgiC 
BP2. 5mgM r (ppy) stlTO. 17mg 

lm i ciiuMifcTO mmm 

3 3] iRI«tBl2fc*1-*'?*JtS:fP«Lfc. re/) 

0*, 8 V, lmA/cm'T4 8 0 cd/m 2 9 V N 1 
0mA/cm 2 T4 5 0 0 c d /m <DB&<n 1 &%ifi% h 
tltz 0 

[»]6 1] »fK2S:, [ft7]T^^H5fi^*c7)# 



Hfcs] (^f 6 0, ooo) -e^Sixa 



♦ ^•f-^flliSSrfPJERLfco r<DB3\ 8 V, 1mA/ cm 
10 'T4 8 0 cd/m'M 9V, lOmA/cm^ 
5 0 0 c d/m 2 (7)$ife^^*^#^^/c 0 
K*fl6 2] - [HJt$J6 4] M£2ft, Mk7]"C* 

Wt4 0] (#^16 0, 0 0 0) x^istizm&fci 
/Bv*Tffc*Uy»*H: [Htt#J6 0] fcPWfcBUfc* 

[0 12 3] 
[*9] 





<b^B3 


1 m A/c n 




10mA/ cm* -tfiBfete 


*ff (V) 




SJ£ (V) 




62 


Hb3 81 


7.0 


450 


8.0 


3. 800 


63 


r-fb3 9i 


7.0 


450 


8.0 


4.000 


64 


C<b4o3 


7.0 


450 


8.0 


3. 900 



[0 12 4] [H*«|6 5] »«2S:, [ft3 1] 

-fN-y^zL/utf}) ii/ww— jv (^?-t6 o, oo 

0) i LT 2 . 5mgtOXD-UU2. 5mgt 
Ir (ppy) atUO. Hmgi^uyim 
1 K##LTfisj*LfcJ^^ [H»0ij3 3] irl^tSMEl 
2K*i-*^*E&fftSLfc 0 -<^#> 7 V, 1mA/ 
cm 2 t4 8 0 cd/m 2 8 V, 10mA/cm'l?4 30 
5 0 0 c d/m' <Dm&<Dmyttf y febi%tc 0 
R1M6 6] ^11, 100, 0 0 0<DPVK6m 
gftlmKTM, 2^pnx^yt^LT, Ml 
SrffjeKUfco OXD-1 t IT1. 25mgtCBPt 
LT1. 25mgM r (ppy) »tU0, 17m 

g t/W^^iS^t Lt^ti o o, oootf>#y 

If 731=^2. 5m g tSr**>l/yiml [C?g$? 
LT, »K2Sr^bfc 0 PBD^LT2. 5mg^/^ 

2. 5ml ^^P^fyimlCittt, » 40 

[0 12 5] iiy^Xvil^fiofcl TOSil 
(rffflg I TO, Jfijig^tfcSf : 2 0 Q/DKT) t«« 1 

ft, l 0 0 0 r pmtlt^tfyn- hf5#(cj: 19 5 

0 nm<0E?m»E«:#fc. :£ft»i£Jl±l-ig« 2 ft, 

1 0 0 0 r pmta#^t 0 >3- hi-5*t<fc ?) 2 0 n 
m<0«*JiSr#fco SfcH, 38*»±t»iR3S:, 10 
0 0 r pmt'lt^tVn- h-TS#M<fc 9 5 0 nmtf) 

[0126] mm?.* M&M^mzxvr/i'Z-VM* 



50 



lnm/secT*Iflt|g»lSlt :icD03\ 
9. 5 V, lmA/cm 2 t4 8 0 c d/m" Ml 
0. 5 V, 1 OmA/ cm 2 T4 5 0 0 cd/m^ 

KJW6 7] }#«2ft, [fc7]T^£ix3»l81* (£ 
?f 6 0, 0 0 0) 2. SmgtCBPtlr (p p 
y) si LT 0 . 17mgi^'>^lml £i§#?L 
Tff2J*Lfc«*tt RWJ6 6] fcR«HH2^-*-3R 
^JftifiSrfftSfcLfco 8. 5 V, 1mA/ cm 2 

T l 4 8 0 cd/m 2 M 9V, 1 OmA/cm'tM 5 
0 0c d/m 2 C0|ife(OM*^#etLfc o 

[H*#|6 8] Ml ft, PVK<O#fc0tMt;3 1]T 
^-fS^I* (^16 0, 0 0 0) fcJH^TffrKLfcK 
*tt [*Jfe«6 7] i:RI»tia2K*r3lff*Jtftffrt 

Lfc 0 r<Z>R5\ 8 V, lmA/cm 2 T4 8 0 c d/m 2 
OV, 1 0mA/cm 2 T4 5 0 0 c d/m'cD 

[»P16 9] ^3 ft, [{fc7]T^£tl&:t^1^T 
^WtMftfik&yo (^16 0, 0 0 0) <t LT 5 
mg^P^fyiml tC^LTfpj* Lfc£WH4 

mmm 68] t ratten 2 ^i-m^mm^im l 

fc 0 r^>0#, 7V, lmA/cm 2 T'4 6 0 cd/ml 
t>*7. 5 V, 10mA/cm 2 t4 3 0 0 cd/m 2 £7)g 
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* [12 2] *?Pj3<D*-? 

[0 3] *»H<0*^ 

[04] #3SBH<B3[i^ 

1 0 
4 0 
4 1 
4 2 
7 0 
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